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By using high pressure synthesis method, we have fabricated the potassium doped para-terphenyl.
The temperature dependence of magnetization measured in both zero-field-cooled and field-cooled
processes shows step like transitions at about 125 K. This confirms earlier report about the possible
superconductivity like transition in the same system. However, the magnetization hysteresis loop
exhibits a weak ferromagnetic background. After removing this ferromagnetic background, a Meiss-
ner effect like magnetic shielding can be found. A simple estimate on the diamagnetization of this
step tells that the diamagnetic volume is only about 0.0427% at low temperatures, if we assume the
penetration depth is much smaller than the size of possible superconducting grains. This magneti-
zation transition does not shift with magnetic field but is suppressed and becomes almost invisible
above 1.0 T. The resistivity measurements are failed because of an extremely large resistance. By
using the same method, we also fabricated the potassium doped para-quaterphenyl. A similar step
like transition at about 125 K was also observed by magnetization measurement. Since there is an
unknown positive background and the diamagnetic volume is too small, it is insufficient to conclude
that this step is derived from superconductivity although it looks like.
PACS numbers: 74.25.-q, 74.70.-b, 74.70.Kn
I. INTRODUCTION
Organic superconductors have been extensively stud-
ied, due to the presence of possible high temperature
superconductivity and exotic superconducting pairing
mechanism. Usually, the organic superconductors are
accompanied by low-dimensional structures, rich mag-
netic phase transitions and novel ground states. In
most cases, the band width of organic superconductors
is supposed to be very narrow, which inevitably leads to
the strong correlation effect. The early discovered or-
ganic superconductors mainly include organic salts[1, 2].
Lately, intercalated graphite compounds, metal doped
fullerenes, and aromatic compounds are found super-
conductive. Therefore, in general, there are mainly two
kinds of organic superconductors: organic salts such as
(TMTSF)2X[1] and (BEDT-TTF)2X[2] and metal inter-
calated organic materials[3]. For quasi one dimensional
(TMTSF)2X, as the first discovered organic supercon-
ductor, superconductivity emerges at 0.9 K under 12
kbar[1]. Yet, the highest superconducting Tc of two di-
mensional (BEDT-TTF)2X can rise up to 14.2 K[4]. In
this system, anti-ferromagnetism, charge density wave,
Mott insulator state and superconductivity can be tuned
by adjusting pressure and temperature. Graphite inter-
calation compounds including KC8[5] and CaC6[6] show
superconducting transitions below 10 K. While, In the
potassium doped fullerenes[7], with the highest Tc up to
40 K, some characteristics of strong correlated electronic
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systems were found, like metal-insulating transition, an-
tiferromagnetic spin fluctuation etc.[8, 9]
Recently, the superconductors of alkali metal doped
aromatic compounds attract great attentions as a new
organic superconducting system. Since K3.3Picene with
Tc=18 K was discovered in 2010[10], several new super-
conductors have been found, such as KxPhenanthrene
with Tc of 5 K[11], K doped 1,2:8,9-dibenzopentacene
with the claim of the highest Tc of 33 K[12]. Very re-
cently, it was reported that high temperature supercon-
ductivity with Tc above 120 K might exist in potassium
doped p-terphenyl[13]. A superconducting gap like fea-
ture was then observed in the potassium dosed single
crystal of p-terphenyl by measurements of angle resolved
photoemission spectroscopy (ARPES)[14]. This gapped
feature gradually disappears with increasing of tempera-
ture. The gapped feature was also observed in the potas-
sium dosed monolayer film of p-terphenyl[15], however
the authors find that the gapped feature does not change
with magnetic field, suggesting a non-superconductive
origin of this gap. In the original paper that reports the
possible superconductivity, the magnetic shielding vol-
ume fraction estimated from the step like magnetization
is quite small and no resistivity data was reported. As far
as we know, no second group reports the observation of
the phenomenon. In order to confirm the superconduc-
tivity in this system, we have fabricated the potassium
doped p-terphenyl under both ambient pressure and high
pressure (2 GPa). For the samples synthesized under am-
bient pressure, we have not observed the step like transi-
tions of magnetization around 120 K. However, for high
pressure synthesized samples, we can easily reproduce the
similar feature. Surprisingly, on the potassium doped p-
2quaterphenyl we also observed this step like magnetic
transition at about 125 K. In this paper, we report the
synthesis and magnetization measurements of these sam-
ples.
II. EXPERIMENTAL DETAILS
Potassium metal was cut into pieces and mixed with
p-terphenyl or p-quaterphenyl in a molar ratio 3:1 in
the glove box filled with argon (O2 less than 0.1ppm,
H2O less than 0.1ppm). The mixture was then put into
Al2O3 crucible and sealed in quartz tube under high vac-
uum. The quartz tubes were heated up to 523 K for
p-terphenyl, and 623 K for p-quaterphenyl, respectively.
We kept sintering the samples with these two tempera-
tures for 3 days. Then, we obtained the ambient pressure
synthesized samples. In order to improve the quality and
compactness of samples, we also synthesized the sam-
ples with high pressure. For high pressure synthesis, the
raw materials were pressed into pellet of 4 mm in diam-
eter and 7 mm of length. Each pellet was placed into a
BN container, surrounded by a graphite sleeve resistance
heater and pressure transmitting MgO rods. Afterwards,
the assemblies were submitted to 2 GPa at room tem-
perature. Subsequently, they were heated up to 523 K
for p-terphenyl, and 623 K for p-quaterphenyl, respec-
tively. The temperatures were kept for 10 hours under
these pressures, before quenched to room temperature.
Finally, we released the pressure. The final products af-
ter high pressure synthesis are black and sensitive to air.
The magnetization results were measured by a Quantum
Design instrument SQUID-VSM with magnetic field up
to 7 T, and the magnetic field was applied parallel to the
axis of pellets in the measurements.
III. RESULTS AND DISCUSSION
In Fig. 1, we present the temperature dependence of
magnetic susceptibility measured in the zero-field-cooled
(ZFC) and field-cooled (FC) modes for K3p-terphenyl
under 50 Oe and K3p-quaterphenyl under 20 Oe, respec-
tively. Step like transitions can be clearly seen near 125
K in the magnetic measurements for both compounds,
which confirms earlier report about the possible super-
conductivity like transition in K3p-terphenyl[13]. How-
ever, below the temperature of the step like transition,
our data of magnetic susceptibility is positive and exhibit
a strong upturn at low temperatures. In order to compare
with the shielding fraction with the previous work, ∆χ
has been determined as the difference of the zero-field-
cooled data deducted with the extension line of normal
state, which is about 1.36×10−5 emu g−1 Oe−1 at 4 K.
This is about 22 times larger than previous report un-
der the same magnetic field[13]. Supposing a density of
about 2.5 g/cm3, we have 4pi∆χ = -0.0427%. As shown
in Fig. 1(b), a similar behavior of magnetization has
FIG. 1: (Color online) Temperature dependence of mag-
netic susceptibility measured in both ZFC and FC modes
for K3p-terphenyl under 50 Oe and K3p-quaterphenyl un-
der 20 Oe, respectively. Upper rights present the schematic
molecular structure of potassium doped p-terphenyl and p-
quaterphenyl. The inset of Fig.1(a) shows the enlarged view
of magnetic susceptibility for K3p-terphenyl near the step
transition temperature.
also been observed in K3p-quaterphenyl under 20 Oe,
which possibly indicates the same origin for the transi-
tion in this compound. Upper rights of both figures show
the schematic molecular structure of potassium doped p-
terphenyl and p-quaterphenyl. But the real structures of
the molecular crystals are still unknown. In inset of Fig.
1(a), an enlarged view of magnetic susceptibility for K3p-
terphenyl near the step transition temperature is shown,
which clearly presents the transition at about 125 K.
Fig. 2(a) presents the magnetization hysteresis loop
(MHL) of K3p-terphenyl up to 1 T at 20 K. As we can
see in the inset of Fig. 2(a), the MHL shows a weak fer-
romagnetic signal together with a small hysteresis. This
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FIG. 2: (Color online) (a) Magnetization hysteresis loop
(MHL) of K3p-terphenyl at 20 K. The inset shows the en-
larged view of MHL from -1000 Oe to 1000 Oe (b) MHL after
deducting the normal state weak ferromagnetic background.
weak ferromagnetic signal may be induced by some im-
purities, or it is an intrinsic feature of the system. We
take the averaged value between the increasing and de-
creasing fields as the background, and after removing the
background, a Meissner effect like magnetic shielding has
been observed, as shown in Fig. 2(b). This Meissner ef-
fect like magnetic shielding may reveal that it is a type-II
superconductor. The phenomenon is very similar to the
superconducting (Li1−xFex)OHFeSe crystal, which also
has a weak ferromagnetic back ground[16] due to prob-
ably the Fe atoms at the Li sites. As we already esti-
mated that the maximum diamagnetic signal at 4 K of
K3p-terphenyl is about 4piχ≈ -0.0427%. This calculation
is based on the assumption that the London penetration
depth is much smaller than the size of the possible super-
conducting grains. If the real situation is not like that,
namely the penetration depth is comparable or larger
than the possible superconducting grain size, the calcu-
lated volume fraction will be modified to larger values.
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FIG. 3: (Color online) (a) Temperature dependence of mag-
netic susceptibility measured in both ZFC(solid points) and
FC(hollow points) modes for K3p-terphenyl under different
magnetic fields. (b) Temperature dependence of magnetic
susceptibility divided by their own values at 140 K in ZFC
mode. The inset shows the enlarged view of magnetic sus-
ceptibility under 0.05 T and 2 T near the phase transition
temperature.
This indicates there might be some superconducting like
phase in the sample, however the volume fraction is quiet
small.
In Fig. 3, we present the temperature dependence of
magnetic susceptibilities measured in ZFC and FC modes
for K3p-terphenyl under different external fields. As
shown in Fig. 3(a), the susceptibility presents the step
like transition clearly near 125 K in the low magnetic
fields. The peak like feature at about 47 K is due to the
frozen oxygen in the sample or sample holder, which is
a common problem of the SQUID measurement if some
samples contain or absorb oxygen. The step of the tran-
sition is suppressed gradually with increasing magnetic
field, and finally disappears above about 1.0 T. How-
ever, the transition temperature keeps almost unchanged.
This is consistent with the previous report[13]. One pos-
sibility is that the magnetic field is insufficient to break
4Cooper pairs, but suppresses the Josephson coupling or
the phase coherence among the possible superconducting
grains. In order to present the transition more clearly, in
Fig. 3(b), we show the temperature dependence of the
normalized magnetic susceptibilities in ZFC mode from
90K to 150K. The normalization is done by dividing the
magnetic susceptibilities by their own value at 140 K. As
we can see, below 1.0 T, the magnetic field suppresses the
transition step gradually, while the transition tempera-
ture is almost unchanged. Above 1.0 T, the step transi-
tion disappears totally. The inset of Fig. 3(b) shows the
normalized magnetic susceptibilities under 0.05 T and 2
T. As shown, no phase transition can be observed under
2 T.
We must emphasize that, the step like transition of
magnetic susceptibility at about 125 K and related anal-
ysis suggest that it is consistent with the picture of pos-
sible superconductivity. However since there is a positive
background and the magnitude of the step like transi-
tion is still very weak, it is insufficient to conclude that
the step is definitely derived from superconductivity. We
also tried to measure resistivity but failed due to the
very large resistance. It requires more time and efforts
to prove that the phenomenon arises from superconduc-
tivity.
IV. CONCLUSIONS
In summary, we have fabricated potassium doped p-
terphenyl and p-quaterphenyl by high pressure method.
The magnetic susceptibilities show the step like transi-
tions near 125 K for both compounds, which confirms
earlier report about the possible superconductivity like
transition in potassium doped p-terphenyl. After remov-
ing the week ferromagnetic background, a type-II super-
conductivity like magnetization hysteresis loop has been
observed. With increasing the external field, the step is
suppressed gradually. And above 1 T, the transition is
completely smeared out. Based on the magnetic mea-
surements, we conclude that there might be some small
fraction of superconducting phase in potassium doped p-
terphenyl and p-quaterphenyl. However, since there is a
weak ferromagnetic background and the magnetic shield-
ing volume fraction is too small, we would not conclude
that this phenomenon is derived from superconductivity
at this stage.
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